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1458.TT4763 

METHOD AND SYSTEM FOR DOSE CONTROL DURING AN ION 
IMPLANTATION PROCESS 

PlFl n OF THF DTSCLOSURE 

Thepresentinvent,o„rdatesgenerany,o improvements in or relating to thecomrol 
5 of ion dose ,n an ,on imp.ama.ion process, and more particularly to a method for 
compensating for the total ton dose impl^ted tnto sem.conductor wafers by an ton 
implantation system during the implantation process. 

BACKGROUND 

,on .mplantatton uses charged part.cles (ions) to penetrate beneath a matenal's 
,0 surface, which gtves the matena, un.que electronic, mechan.cal, or chemical propentes. on 
,mplantationisdeemedasalcey,echmc,ueinthemicroelectro„,cs,ndustry..t,salsoused,n 

other manufacturingsectorsfor its demonstrated potenttal for hardeningofsurfaces and for 
enhancing the corroston properties of metals. Within the sem.conductor mattufactur.ng 
mdustry ton tmplantation techniques are used to introduce impurity atotns ,nto 
.5 sem,c„nduc,orsubstra.estoa..ertheconduct,v,tyofthesubstra.einacontro,ledasluo.^ 
,on.mp,antation.e.ectricallychargedionsareacceleratedundertheact,onofanelectncf, d 

and .mplanted into a solid target, t.e., a sem.conductor wafer. Ion ..nplanters gene^Hy 
eompriseanionbeamge„eratorforgenera.ingabe^of.o„s,amassana,yzerforse,eet.„g 

a particular species of ions in the ion beam, and a me^s to direct the ion beam through 
20 vacuum chamber onto a target substrate supported on a holder. 

The cross-sect.onal area of an ,on beam is dependant upon vanous factors such as 
beam l.„e configuration, degreeoffocus.ngappl.ed to theionbeam, the gas pressure along 

the beam line, the energy of the ion beam, and the mass of the tons. Typ.cally, the cross- 
seenonalareaofthe ion beam at the target is less than the surface areaof.hetarget,e.g.,a 

25 semiconductor substrate. This requires beam traversal over the substrate .n a one- or two- 
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another, usually orthogonal direction. 

..e ,™p>an,ea dose — es *e e.c.rioa, ^""'^ ^^^^^^^^^ 

„,th,„ specfied n™.s. semiconductor fabrica.,o„ processes frequen^ y 
LuracywUhinonepercen. and dose ur,ironr>Uvof.ess*a„o„eperce„.. 

J K,, mpa<5urine beam current during an 

-araa. pos.o„ed 

toplan. process us.ng an >o„ bean, c ^^^^^ ^^^^ ^^^^ .^^ ^^^^ 

other, the beam can fall on the taraaaye. p .,iv mtatablv) wafer holder 

„aybeach,evedbyposUionin,.hecup.ehind*enrova.e u 

..oneorn,ore.ps,s.s,„— ^^^^^^ 

isaUgnedwi.hthegeneralpalhof,hebeam.Themeasu ,,„„,„,he 
,nerareddur,ns,o„nnp,a.a.on,andexc,ndesneu.a n, e^^^^^^^^ 

even *on.h .hese neu.ra, n.o,ec.es 
.„.e„Usn,easureda«er*ebeanr passes — ^^^^^^^^^^ 

curren..husdependsuponthecharac.ens.,csof,hewafer, ^^^^^ 

measured cnrren. dne .0 — ons --^^^^J^^ZL. .on, pbo.ores.s. 
These wafer characleristics include em.ss,v,,y. local ehargmg, g 

on the wafer, and the like. 
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,„ eonvenUona, ,on ,n,p.— s,s.e.s *a. .nvoWe .he ^^^^Z. 
oraFaradaycage,si.ua.ed,„,hev,c,„Uyofthe.arge.waf. . The« 

s.pae..oa„e,ec...c.osep_,w.cU...es*^^ 
determine ,he ,o,a, ,on dosage. The dose processor may "e Pa" o 

-»--v:r-r:r:;:r:,r.r::LU.- 

10 an-angciiicm. r . c^^,!! Faradav cups are locatea ai 

,,ro„sh.hecen.ra,ope„i„gimpinginson.he.arge..afer. W 

ion dose. 

3eam.„sarege„eranyne.raU.edhy — w.Hres.^^^^^^^^^ 
..amherand>UsU„o.n*a„hepropor..„orions.H._^^^^^^^^^^^ 

^yXr:--^^^^^^^^^^^ 

Some.„imp,a„.a.o„e.mpme„.man.ac.„rersa„empUocom^^^^^^ 

,o„s.an.n.eam..Hedoseco„„oUys.emonhe,rion™^^^^^^^^^^^^^ 
p.essure in .he imp,a„.a«o„ volume. ThU gas pressure s,g^a . *^^^^^^^ 
lc..eoreorrec.e dheameurren.va.uei„a— cew^ p^^^^^^^^^^ 

.e.wee„ .he gas pressure, .he apparen. or — J resuUmg effec.ve 

eommon,yreferred.oas.hePressureCompensa.,on^. CP. ^^^^ 

beam eurren. value .s .hen suppl.ed .o .he dose conhol sys.em. 
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„p„a..o„ ,s u..e. .„ wMch va.ues fo, PCF a. ae.e^.nea du™, an ,o .p— 
pLess, co.panns s™uUa„eous measurements of .eas.ed ,on,c cu^n. an. P_ 

wUh co.espo„d,ng s,n,uUaneous measure.en.s .aken previously 
However.a>,„ear relations., .sassunrea between correcea .earn cun.n.anares,da., 

pressure, wWeH proviaes linurea aceuracy, pan.cu.ar.y a, H.gWer .earn e„er,,es. A 
„ecteacHarges.a.e.Hasa.sobee„a,sclosea:„.hepriorar..Bo.HPCPana.areae.e™.ne 
eliricany ^rior to perronrrin, proauCon „.p.an, runs, ana t.e values storea for eae. 
pl cular process recpe to .e op.,™zea. The re,u,ren,en, of perfomnn. n.ult,p,e tost 
r'l tsl oracr to assembleentpirieal values for PCF ana.for each ,ntp.antrec,pe,sa 

r:i.n.la.or..tens.vee.ort.Moreover.anune.pect.^ 
an .mplan. process couM result in the computations being tnaccurate because 
:o:p:atJusethepre.aeternti,.aPCPana.vah,estocaleulat^ 
This inaccuracy wouia resuU in unacceptable dose errors. 

„aferisperfom,ed,anatheionbeamcurrent.smeasureddur,ng P 
between the reference value ^d the measure ton beam — t s e ™ 
,.p,an.a,.o„ process parameters, e.., ton beam -"^'^^^J^;^,,^^^ 
adjusted accordtngly. This methoa compensates matnly for non-lme g 
15 aajust the wafer aose accordingly. 

various Faraday cage and Faraday cup configurations (beam current detectors, for 
JZs have bl dtsclosea in the pnor art. However, the e.stmg beam current 
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,e.ec,o. .yp.cany .e.c. o„,y charged panicles, bu. no. neu„a, pa«,c,es. THese ^ 
panicles may be caused by pho.ores.s. o. Cher materials coated on a wafer * a. ou.ga. 
olalize or pu.ter w.en .he ,o„ bean, impacts .be wafer. This on.gass.n, release gas 
pLclewh,cbmaycoll,dew,.h.ons,n.beionbeamandeauseionsin.hebeam.onnder^ 

, Charge change. These charge exchang.ng coil.s.ons can cause problcnts ecause 
e.ectorsused.ode.enn,neandcon.ro,.he.onbeantcurren.(andalso.he.o.aiaosef. 

J er, during ,ntplan.a.,on .ypically only detect charged particles. The neu.ra pamCes 
::Z.e. in he Ifer are .be desired in,p.an.a.ion species, may have ,he des.red energ. 
r,mplantat.on,a.td.hussbou,dbecoun.edinthe.o.a,imp.an.dose.However.because 
.0 :r.rsnorma,lvdo„o.de.ec.,onswh.cbbavebeenneu.rahzedpr,or.obemg,mpa.ed 
• ;::e:afer,they'typ,callyundersta.e,hetruera.eofdel.ve.ofdes.redspecies,,ne,uo,,tg 

both ions and neutrals, in the beam. 

Therefore, what is needed .s a method for compensating for the con.nbut.on of 
„„eharged or nCra, par.,cles .o .he total ion dose Implanted into sem.conductor wafers 
15 during an implantation process. 

BRIEFmSCRIPTlQNOTT^^ 

Other advantages, features and charactenst.es of the present mvent.on^ as well as 

parts in the various figures, and wherem: 

Hgure > is a amplified blocK diagram of a port.on of an ,on implan.a.,on system 
.nco.JaLgthedosecon.ro,me.hodaccording.oa.le..oneembodimentof.hepresen. 

25 invention; 
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P,.e2,sab>ockd,agra.of.he<iosep.=esso,a„dco„.™lsoftware„,o.u,eshown 
,„ Pi,u.e . .ccord,„g .o at ,eas. one embodimen. of .he present invention; and 

p.„e3isaflowchanofstepsofan,ethodfo.con,pensatingfo.dose error during 
a„.onijan.3.ionprocessaccord.ngtoat,eastoneen,— ton.eprese„t,nvent.^ 



DETAlLmDESCKUlUv^i^ 

p.nres,-3iiiustratean,ethodforcon,pe„satingforchargeneutra,izationdosee.o. 

_::::gasstng.—.,o n,„ando.e^ 

- - t:::::^^^^- . .ar,o . 

.eanr .urrentnreasuretnen. arrangement and computer corn™Uoft^^^^ _^ 

■ ,T A hlock diagram of aportion of an .on implantation system 100 
Figure I s a simplified block diagram oi a ^ , ^ ^^.nt of the 

3...generate3anddn^an.o^^^ 

» wafer, mounted on a ^^^^^^ ^„ ^„ , (ou.s.de of targe, 

primary dostng reference and , W'-»>^ ^ ^„ «Hen the 

ehamher iZ), where charge -^^^^^^^J^^,,...^.....^ iO.s 
.eamiOtsmtheover-scanregtonT er an^^^^^ 

not impinging dtrcctly upon a target 30, but rathe ^ 
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„ syste. ,5^ The vacuun, in the enclosure 9 and targe. chantber,2 is .a.nta.ned 
"wlnown systenrs such as vacuun, pu.ps. vacuun, isolation vaWes, pressur 
sorsand,hc,,.e.Thcvacuun,sys,en,,5™y.eneranyhaveaphys,ca,con„.t,^^ 

:::::co.n,un.catewUHtheco„tro.software40tosupp.,n— 
level in various sections of enclosure 9 or target chamber 12. 

The ion source 5 can include a range of components to generate an ,on hean, ,0 
,av,ng selected characteristics, and may generally he phys.ca.ly connected v.a wtrm. 

Idthe.,.e,tocomn,unicate.,thcontrolsoft.are.doseprocessor40.1onhcam 

nhtlvtypeof Charged pan,clehean,, eg, an energetic ion beam used to ,n,pla.th^^^ 
;t30^^e target 30 may .nelude any vanetyofsem,co„ductorma.er,as.^ 

• u in Inn beam 10 is shown in bigure i as 

====== 

reflectors between the .on sou ee 5 » ~ even though 

5 opncal dev,ces wh,ch are not shown m F gur 1- I .„p,,,.i,emore 
.arget30isshownasbeingmoun,edonaf,xed,s,ngleplaten35.nF.^^ P^^^^ 
,hano„ewafer30n,avbemoun.edonamoveableplateneo„nectedtoaw e 

so drive mechamsms,pos,t,on-encod,ngdev, The control software 40 ,s 

other components as are Known ,n the art to move target ' J J ^ 
capable of communicatmg w.th the wafer dnve dev.ce or system to affect mo 

target 30. 

,„ an exemplary calibration step of an embodiment, the ion beam .0 is generated 
m an exemplary h.gh-level, stable vacuum ex.sts along 
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posKion as is seen in F.gure 1. In .he various en.bociin,e„.s. .he de.ec.cr 25 can be a 
r.a.a. cup, ,cn coun.e. . o.he. dev.ce capahie of de.ec.in, an ton hea™ as a.e we 
,„„J.o.hoseofs.i,,,„.hea„.Theae.ec.o.25ca„her,xeainp,aceo.n,oveah,^^^^^^^^^ 
.esi.edi„aasso«.en.ofd,ve.seIoca.,ons,suchasa.ong.hehean,pa.h.o.hewa^.^^B^^^ 
posi.,on,a6iace„..he wafer .arge.posi.,on,hehind .he wafer .arge.pos,.,on, and .he ..Ue. 

The de.ec.or 25 ou.pu.s a signa, represen.ing .he de.ec.ed bean, .0 dose a, ,he 
.ocanon of de,ec.or 25 ,o .he con.ro, sof.ware/dose processor 40. A. .he same nnre^ h 
Iday20ou.pu.sas,sna.represen.ins.hebea™i0curren..o.hecon.roisoftware,ds 

esor40 or exa„.p,e, .he de.ec.or 25 ,na, ou.pu. an analog signai .ha. represen. a 
nrbrfae.ee.ed,ons,and.heParada.20n.avou.pu.a„ana,ogs,gna,.haueprescn.she 

rl 0 curren. and .he con.ro, software/dose processor 40 nray conver. .hese analog 
:„:. ca.cu,a.eara..obe.ween .he .wcnnnrbers. and s.ore..^ 

30), .he reference ra.io can be in .he range of approxima.ely 100:1 .o IX 

, sen,ieonduc.or wafer would ,he„ be nroved .o .he ,arge. 30 loca.ion and 

^^^^ 
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for this dose error are described in greater de.a.l below. 

....isa.oe.d.a.a.on.edese.oeessora„deo^.^^^^^^^^^^^ 

by ,o„ ™p.a„.a.,o„ system .00 ^^^^^ couid be configured io use the 
p„„,3or 40, ,„ the various enrbcdintents dtsCos h em, co^ ^^^^ 
ratio drift data to update tlie accumulated dose in e j„^,„,„3nd Faraday 20 

- . , ... to charge neutralization. As before, when detector 

^^^^^ 

softvv arc/dose processor 40. A detected ^^fesequent ratios obtained during 

.,,oobtainedfromcc„tro,software/dos eprocessor40 o ubs^^^^^^^ ^^^^^^ 

ion implantation of a semiconductor "J^- ^ ^^^^^^^i^^ caused by outgassing 
.^piantationratioandtbereferenceratio, ueto^ ^^^^ ^ ^^^^^^ 

,om a wafer during impiantation, detected dose ; vacuum 
_.so— CP.— 

system 1 5, ion source 5, and other syste ^^^^ 
Lted dose modtde 4. tbrougb the ^"^-^ „b«e an 

effectweiy compensate for the dose error ue^. lon^.- ^^^^^ ^^^^ 

implantation process is taking place in - ^^^^^^ of the 
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5 accordingly. 

of a method for compensating tor 
Referring now .o Figure 3, a flow chart of s.ps ^^^^^ 
aosee.o..urinsan,on™p~p.oc.s a 0^^^ 

species at any desired energy u embod.men,, the re.ercKc ,...-. 

, *e ar. A reference ra.o is de.crrn.ne^^ n s. P ^^^^^^^^ 
,ea,c..a,edbyde,enn,nin..heva>uefo™^^^^_^^^^^^^^^ 
„eas—s,.na,ta.en under no™.J ^ B^ ^_^^^^^ 
,ab,evacu«mexis.s,nthe.argetchanrb r and S ^ ^^^^^ .^^ 

,enr,conduc,or wafer a, *e iarge, pos >on^ ^^^^^^^ ^ ^^^^ ^„„^„„,„, „f ,He 

,5 en^bodtaenrs berein can be any 'f ;";^^„,, ,P„aday cup or other device, as are 
,nera.ed,onbeanr.Porexanrp|e,*ede^»<^n ^^^^^^^ 
«eU,cnownrothoseofsWn,,n.heart.Tbe«e ^ ^^^^^^^^^^^ 

..besUedinaassonnreniofdiversei— ^^^^^^^ 
»,e.posit,on,ad,acenUhewafer.arge.po J. ^^^^^ 
,0 h.e. in one embodinren. *e re ere^ - ^^^^ ^ „.„eved fro. 

cnftware In other embodiments, me 
processor sottware. 

memory. . 

...3i.awa.r.s.o.edin._-:-r:= 
.„„ .can, .cncrared in srep 305. ^ r i..„aybede.^^^^^^^ 

necessa.,yde— whenawaf.,so to^^^^ 

,arge.,e..,awaferoro.her.a.er,a. Ob . ^^^^^^^^ ^ f 

implantation m Step 315. Dunng 
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„,„ — ^^^^ 

during wafer implantation, in real time. 

325 ,h=sys.en,wou,dchecK.ode,ennineif.here,u,redamou„ o dos 

„....,...d™olama.,ondoschasb.enach,evedmstep332.,„s.ep 

^^^^^ 

cease farther ion .mplamauon of that wafer. O . fo^ eompar.son w,th .he 

co„.,„ues,aK,n.,r,easure,nen.sandca,cuU.i„ras™p.an - ^ ^^^^^^^^^ 

,efere„cerano..ns.ep333,eon.roUo,..areMosepr„.s^^^^^^^^^^^^ 

signal a wafer drive dev.ce to nran.puUc ^^^^^^ 
„ove another wafer in,o .he imp.antatron posr.ron, as rn step 



continue. 
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,,e varrons f— and co.ponenrs rn .he ^^^;:ZX 
,™,„d..n.an.n— -handhn^^ac.^^^^^^^^ 

of processing dev.ces. Such a data processor may J evice. ha. 

„„.er,d....srsna.P™oesscr,s.a.en.aeh^^^^^^^^^^^ 

„anipu,a.esdigi.a.inforr„a.,onhasedonopera.,— 

— =r:::=on.oLreof.he™^^^^^^^^^^^^ 



techmques listed herein. 
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. .e„,o.. sue. . n,e.o. .ay .e a sing. n,e™o., dev - 
,„p,eme„,s one or n^ore of Us fu ct.ons ^ ^^^^ ^ 

::r::r - ^^^^^ - — — — 

performed using combinational logic. 

...e...a„aappa.a.s..e.p...es^a.— — ^ 

disclosure is discussed herempnmanlywuh regard ^^^^ ^.^^^ 

,.,d par^iCe boa. ,on ,.p,a„.aUo„ s.ste., ^'^^^^^^^ ,3 „ 
other sys,e,ns or processes .ha. use bea.sofe„erge„c.cha,^gedp ^^^ 

hea» imaging systems. AddU.onaUy. vanous ^^^l^^^^^^^^^. 

No.ealso,.ha.al.houghanembod.n,en.of.hepresen ^^^^ 

1::^::::— ^^^^^ 

embodiments that incorpora.e .he .eachmgs ^^^^ ^^^^^^ 

those sUtUed „. .he art. Benen.s, other ^-J-ges and o- - P ^^^^ ^^^^^^^^^ 

described above wi.h regard .0 specific embod.men.s. Howeve , ^^^^^ 
..,ions.oprob.ems,a„danye.eme„.(s).hatmayc„^^^^ 

included within the spirit and scope of the invention. 
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